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AHHOTai^Ha 



PaccMaTpiiBaiOTca pa3JiHHHbie ajiropnTMbi npii6jiH>KeHHoro BbrancneHHa npoiraBOflHoii (pyHKniin, 3aflaHHoii 
HeTOMHO. AjiropiiTM flH(p(pepeHi(HpoBaHHa c Hcnojib30BaHneM BeftBjieT-npeo6pa30BaHHa cpaBHHBaeTca c 
ajiropiiTMOM Ha ocHOBe npeo6pa30BaHna <5ypbe h ajiropiiTMaMii BbrancneHHa npoH3BOflHoii b cproHHecKOM 
npocTpaHCTBe. IIpoBefleHa HHCJieHHaa oneHKa norpeniHOCTH Bbi^ncjieHHii pa3JiHHHbix ajiropiiTMOB Ha MOflejibHbix 
npHMepax. 

y^K 621.372 

KjnoneBBie cjiosa: BeiiBJieT, flncpcpepeHnnpoBaHne, (pHJibTpanna inyMa, peryjiflpH3an,Hfl 

1 BBe^eHne 

Sa^ana o hhcjighhom /nicpcpepeHinipoBaHnn cpyHKipiH, h3bgcthoh npH6jiH»ceHHO, ABjiaeTca KjiaccHnecKHM npHMepoM 
HeKoppeKTHO nocTaBJieHHoii 3a^,anH, npnBO,n,5nneH k HeycTonnnBOCTn pememia pQ. ^Jra o6ecneneHHs ycTOHHHBOCTH 
no TnxoHOBy TonHoe penieHHe 3aMeHiiiOT npH6jiH»ceHHbiM, KOTopoe ynpaBJiaeTca napaMeTpoM peryjiflpH3annn 
a ii CTpeMHTca k TO^HOMy npii OTcyTCTBHH norpeniHOCTH H3Mep6HHH (no^,po6Hee o pa3JiHHHbix Bapnamax 
CTa6HjiH3an,nn penieHHs cm. b pQEJOi]). Ha npaKTHKe peryjiflpn3au;iifl o6mhho cbo^htch jih6o k crjiajKHBamno 
ncxo^Hbix ,i;aHHbix b (pH3HnecK0M npocTpaHCTBe, jih6o k no,a;aBjieHHio bmcokhx nacTOT b cneKTpe H3MepeHHbix 
,i;aHHbix. ITpn 9tom onTiiMajibHaa nnipiiHa crjiajKHBaiomero OKHa hjih cooTBeTCTByromas eMy nojioca nponycKaHHa 
(piijibTpa CBii3biBaeTca c ojKH^aeMMM ypoBH6M niyMa. 

IIpeflCTaBJifleTca nejiecoo6pa3HbiM ccpopMyjinpoBaTb 3a#aHy peryjiflpH3annn onepannn ^nicpcpepeHHiipoBaHHii 
3aniyMjieHHbix ,a;aHHbix Ha H3biKe BenBjieT-npe^CTaBjieHHfl cnrHajiOB, KOTopoe no3BOJifleT ecTecTBeHHMM o6pa30M 
coBMecTHTb npe-HMymecTBa pa6oTbi b (pH3HnecK0M npocTpaHCTBe h npocTpaHCTBe <I>ypbe. BeiiBjieT-aHajiH3, 
npeBpaTHBniHHca 3a nocjie^Hee flecflTnjieTne b xoponio pa3BHTbra pa3fleji (pyHKipiOHajibHoro aHajiH3a (cm., 
HanpnMep U), noxasaji cboio 3(pcpeKTHBHOCTb b 3a^aHax, CBiraaHHbix c o6pa6oTKOH BceB03MO»cHbix MHoroMacniTa6Hbix 
cnmajiOB n nojien. 

IlepBbie nonbiTKH Hcnojib30BaHHH annapaTa BeiiBJieT-aHajiH3a npn HaxojK^eHHn npon3BO#HOH 3aniyMJieHHbix 
flaHHbix 6bijin BbinojmeHbi b pa6oTax E3 IHj- B flaHHon pa6oTe MeTOflnxa BeHBjieT-^HCpcpepeHHHpoBaHHfl 
onncbiBaeTCH b paMKax o6in,en npo6jieMbi 6e3 npHBH3KH k cneinicpHKe cnrHajia. ITpn stom npoBO,a;HTca cncTeMaTHnecKoe 
cpaBHeHne BeHBjieT-peryjiapn3au;HH b 3a,a;aHe ,ziH(p(pepeHHHpoBaHHH 3aniyMjieHHbix cnrHajiOB c ,zrpyrHMH o6men3BecTHbiMH 
no^xoflaMi. 3(p(peKTHBHOCTb ncnojib30BaHHH fleMOHCTpnpyeTCii Ha KOHKpeTHbix npHMepax. 



2 MeTO^bi HHCjieHHoro flncptpepemjiipoBaHHsi 



ITycTb (pyHKiina f(x) HMeeT nepByio npoH3BO,iiHyio g(x), Tax nTO 




(1) 



1 



h onpe,a;ejieHa Ha Ha6ope tohgk x n c to^hoctbio flo He-KOTopoii cnyHaimoii oiiih6kh £ 

jn = /«)+£■ (2) 



npoH3BOfl,Hafl g(x) Bbipa»caeTCfl nepe3 f{x) 



h b npocTeHineM cjiy^ae MO^ceT 6biTb npH6jiH^ceHHO Bbi^HCJieHa kbk 

fn fn—1 



(4) 



Ax 

r^e Ax = x n - x n -\. 

B ycjiOBHflx inyMa (popMyjia J3J mojkgt CTaTt HeycToii^HBOH. IIpHHHMafl pjisi cjiyHanHoii oiiih6kh oneHKy 
|£| 5= A mojkho 3aniicaTb 

f{Xn) - f(x n -l) 



\9n 



< 



Ax ^ (5) 

IlpH Ax — y nepBoe cjiaraeMoe b npaBofi ^acra © erpeMHTCH k g(x), a BTopoe mojkct 6biTb CKOJib yro,a;HO 
6ojibiiiHM. Tax, b ^acTHOCTH, ecjiH (pyHKiiHfl 3a,iiaHa Ha kohc^hom HHTepBajie, to yBejinneHHe nncjia To^ex 
npHBO^HT k yBejiHHeHHio BToporo cuaraeMoro b ©. 

2.1 /JncpcpepeHipipoBaHHe b <pH3HHecKOM npocTpaHCTBe 

B TeopnH o6o6in,eHHbix (pyHKiniii bbo^htch 5-(pyHKD,Ha, 3a,n,aBaeMafl h6sbho KaK 

f(x)5(x)dx = / f(x)S(x)dx = /(0), (6) 



iyje /(a;) - rjia^Kaa (pyHKinia. 

H3BecTHO, hto <5-(pyHKD,Hfl ^HC^cpepemnipyeMa. Ee nepBaa npoH3BO,n,Hafl, o6o3Ha x iaeMaa 5 h Ha3biBaeMaa 
"AySjieT 11 , o6jia^,aeT cbohctbom 

/oo /*0+ 
f(x')S(x-x')dx' = / f(x-a/)8(x?)daf. (7) 

Otmgthm, ito (pyHKinia (5 He^eTHa h cocpe^OTO^eHa b GecKOHe^HO Majioii okpgcthocth to^kh a; = x'. 
<I>yHKiniK) S Ha3biBaiOT HHor,n,a 6ecKoueHHO mcijium dunoAeM. 

2.2 ,II,HCpcpepeHii;HpoBaHHe b npocTpaHCTBe <E>ypte 

Ilo TeopeMe o npoH3BO^,Hoii [10] ^iKpcpepeHi^iipoBaHHe b (pH3HHecKOM npocTpaHCTBe cbo^htch k yMHOJKeHHio b 
^acTOTHOM npocTpaHCTBe. <I>ypbe-o6pa3bi (pyHKiniii jh/ CBH3aHbi coothohichhcm 

g(k) = ikf(k), (8) 

ryje f(k) - pe3yjibTaT npeo6pa30BaHHn <Dypbe 

n OO 

f(k) = / f(x)e-* kx dx. (9) 



TaKHM o6pa30M, Haxo^a <I>ypbe-o6pa3 cnrHajia f(k), yMHoacaa ero b ^acTOTHOM npocTpaHCTBe Ha ik h 
BbinojiHHfl o6paTHoe npeo6pa30BaHHe (Dypbe, mojkho HaiiTH npoH3BO,iiHyio g(x): 

g{x) = -L J ikf^J f(x)e- lkx dx^j e tkx dk. (10) 
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Otmcthm, ^to 4>HjibTp ik HMeGT HMiiyjibCHyio xapaKTepucTHKy S. To eCTb 

ik= / 8{x)e- lkx dx. (11) 



npHHirnnnajibHoe ouinnne ajiropnTMa 11011 ot npaMoro ^ncpcpepeHnnpoBaHHfl b (pH3nnecKOM npocTpaHCTBe 
3aKJiK>HaeTCfl b tom, ito npii BbniicjiemiH npeo6pa30BaHHfl <I>ypbe iicnojib3yeTCH HHCpopMainifl o cnraajie 
bo Bcex TOHKax HHGiiOBOH och, b to BpeMfl Kax ^HCpcpepeHnnpoBaHHe ABJiaeTCfl no onpe^ejieHHio onepanneii 
jiOKajibHoii. 

2.3 ^HCpcpepemjiipoBaHiie c ncnojib30BaHHeM BeiiBjieT-npeo6pa30BaHHa 

C tohkh 3peHHA jioKajibHOCTH, MeTO/i; flncpcpepeHnnpoBaHHfl Ha ocHOBe BeHBjieT-aHajiii3a 3aHHMaeT npoMeacyTO^Hoe 
nojiojKemie MejK^y ^HcpcpepeHinipoBaHiieM b (pH3nnecKOM npocTpaHCTBe h b npocTpaHCTBe <I>ypbe. BeiiB.neT- 
o6pa3 HexoflHoii (pymcnnn f(x) ecTb 

w a , b {f} = _/V {^r) f( x ) dx > ( 12 ) 

r,a;e b Ka^ecTBe aHajiH3Hpyiomero BeiiBjieTa ip{x) iicnanb3yeTCH KOMnjieKCHaa hjih flencTBHTejibHafl (pyHKirnfl, 
jiOKajiH30BaHHafl k&k b (pnsii^ecKOM npocTpaHCTBe, Tax h b npocTpaHCTBe 3>ypbe, a napaMeTpbi a h b onpe,n;ejifliOT, 
cooTBeTCTBeHHO, MacniTa6 h nojiojKeHini (pyHKnnn ip a ^ — ip 

3anHCbiBaa aHajiornnHMM o6pa30M BenBJieT-o6pa3 (pyHKnnn g(x) n npoBO^a ^HCpcpepeHnnpoBaHne no HacTAM, 
jierxo nojiy^HTb 

f°° f°° dih* h (x) 

W a , b {g} = J r a A x )9( x ) dx = ~ J dx f( x ) dx (13) 

TaKHM o6pa30M, BbinojiHHB BeiiBJieT-pa3Jio>KeHHe (pyHKnnn f(x) no ceMeiicTBy — ^"q^^ ; H BbinojiHHB 3aTeM 
o6paTHoe BeiiBJieT-npeo6pa30BaHHe c noMombio BenBJieT-ceMencTBa if) a ^{x), mojkho nanynnTb HCKOMyro (pyHKirnio 

1 r°° rl f 00 / c 00 \ 

gip) = cj 0+ at J_ db ^^ [J dx xlA x )f( x )) > (14) 

T^e x - aHajiH3npyK)m,HH BeiiBJieT, tp - cnHTe3Hpyrom,HH BenBJieT, h C - KOHCTaHTa, onpe^ejiaeMaa BbipajKemieM 



^J-oo \k\ 2^„ , 

Bbi6op napbi \ H "0 (ffiH aHajiH3a h CHHT63a cootbgtctbghho) H3 ycjiOBHH 

npe^nojiaraeT, ^to npoH3BO#Hafl ot ^ cymecTByeT h ABJiaeTCH BenBJieTOM. 

HanpnMep, napa (pyHKiniii \ — (1 — ^ ) exp(— x 2 /2) n ip — — x exp(— x 2 /2) y^oBJieTBopaeT ycjiOBnio ill fit . B 
npiiHinine, jno6oii BenBJieT, HMeiOLunn nepByio npoH3BO,a;Hyio, mojkho Hcnojib30BaTb b KanecTBe ip. Ha npaKTHKe, 
Bbi6op kohkpgthoh napbi bghbjigtob ocymecTBjifleTCfl c yneTOM cneiincpHKn nocTaHOBKn sa^a^n. 

B Ka^ecTBe npe^ejibHoro cjiy^aH mojkho iicnanb30BaTb napy (pyHKn,Hii x = $ H ^ — IloflCTaBJiflH b 
ypaBHeHne 111411 h paccMaTpnBaa (5-(pyHKLi,Hio, Kax CHHryjiapHbiii BeiiBJieT 0], nojiy^aeM 

roc poo 

g(x)= dx'g[x')6(x - x') = / dx'f(x')S{x - x'). (17) 
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3 PeryjiapH3au,Ha ajiropnTMOB ,a,H(})4>epeHij,HpoBaHH« 



PaccMOTpeHHbie Bbiine ajiropnTMbi He ABjiaiOTCfl ycTonnnBbiMH n rjik ncnojib30BaHHfl Ha npaKTHKe Tpe6yiOT 
peryjiflpn3ainiH. 

3.1 npn6jiH»<;eHHoe BbinncjieHne npoH3BO^HOH b cpH3HHecKOM npocTpaHCTBe 

^jia npaKTHHecKoro Hcnojib30BaHHH Heo6xo#HMO npoBecTH peryjiflpn3ainiio ypaBHeHna CBepTKH Q. CBepTKa 
c annpoKCHMHpyiomeH #y6jieT (pyHKnneii, ninpnHa KOTopofi ynpaBJiaeTCfl napaMeTpoM peryji.apH3anHH a, R&eT 
npH6jiH»ceHHoe 3HaneHne npon3BO,n,HOH. 06o6meHHafl (pyHKnira S annpoKCHMnpyeTca peryjiapHoii HeneTHoii 
(pyHKnneii c HyjieBbiM cpeflHHM SHaieHneM, o6jiacTb jiOKajiH3annH KOTopoii onpeflejiaeTca ojKH^aeMbiM ypoBHeM 
niyMa. npocTennien annpoKCHManneii ,a;y6jieTa Ha ^ncitpeTHOM MHOJKecTBe flBjiaeTca BbiincjieHHe pa3HOCTH 

B COCe^HHX TOHKaX. YcTOHIHBOCTb MOJKHO o6eCneHHTb, yBejIHHHB paCCTOflHHe MeyKflJ TOHKaMI, B KOTOpblX 

BbnHCJiaeTCfl pa3HOCTb. TaKoii MeTOfl H3BecTeH co BpeMeH HbiOTOHa ^Q. 

O^HHM H3 npaKTHHeCKHX MeTO^OB OneHKH npOH3BO^,HOH B (pHSHieCKOM npOCTpaHCTB6 flBJIfleTCfl CB6pTKa 

H3MepeHHoro cninajia co crjia^HBaioiiniM okhom (XsMMHHra, BnHepa h ,i;p. [2llllj). c nocne,z];yioiiniM BbinncneHneM 
npoH3BO,a;HOH b BH,i;e KOHenHoii pa3HOCTH Q. CrjiajKeHHbiH cnrHaji Haxo/niTCfl no (popMyjie 



r,a;e u - crjiajKHBaiomee okho, mnpHHa KOToporo ynpaBjiaeTCfl peryjiflpH3npyioiii;HM napaMeTpoM a. 

IIpHMeHfleMoe Ha npaKTHKe ycpe^HeHne no coce^HHM TOiKaM SKBHBajieHTHO cnnajKHBaHHio npaMoyrojibHbiM 
okhom. HncjieHHaa oneHKa norpeniHOCTH BbiiHCJieHHfl npon3BO,n,HOH b (pH3nnecKOM npocTpaHCTBe (npn ncnojib30BaHnn 
pa3JinnHbix crjiajKHBaioiinix okoh) 6y#eT ,n,aHa Hnace. 

3.2 IlpiiGjiHiKeHHoe BBinncjieHne npoH3BO,a,HOH b npocTpaHCTBe <E>ypte 

Kax ajibTepHaraBy CBepTKe co crjiajKHBaioinnM okhom b <pH3HHecKOM npocTpaHCTBe paccMOTpHM yMHOJKeHne 
Ha (pHjibTp hh3khx naeroT (OHH) b ^acTOTHoii o6jiacTH. HfleajibHbra OHH OTcexaeT Bee naeroTbi, Bbinie ko(a). 
CnrHaji, nponymeHHbiH nepe3 HfleajibHbin <1>HH, He 6y^,eT HMeTb bmcokhx iacTOT, to ecTb 6y,n,eT crjiajKeHHMM. 
Ilocjie BbinojiHeHHH o6paTHoro npeo6pa30BaHHH <J>ypbe ^HKpcpepeHnnpoBaHne npoH3BO#HTCH MeTO^,OM KOHeiHoii 

pa3HOCTH. 

Mojkho o6 r be,a;HHHTb b ^acTOTHoii o6jiacTH o6e onepannn - o6ecneneHHfl ycToiiiHBOCTH nyTeM no,a;aBjieHHfl 
bmcokhx ^acTOT h BbiHHGneHHfl npoH3BO,iiHOH nyTeM yMHOJKeHna Ha ik. AjiropHTM Ijlflll b ycjiOBHax niyMa 
ABjiaeTCfl HeycToii^HBbiM, Tax xax yMHoaceHne Ha ik npnBO,a;HT k HeorpamrieHHOMy ycnjieHnio bmcokhx iacTOT. 
^jifl o6ecneneHHa ycToiraHBOCTH Hcnanb3yeTCH "JHH c ninpnHon nonocbi nponycKaHHH, ynpaBJiaeMon peryjrapH3HpyioinHM 
napaMeTpoM (npn a — > 0, nanoca nponycKamifl CTpeMHTCH k 6ecKOHenHOCTH h npn6jin}KeHHoe penieHne CTpeMHTCH 
k TonHOMy). <I>opMa (pnjibTpa MOJKeT Bbi6npaTbca ,a;ocTaTonHO npoH3BOJibHO, HCxo,a;fl H3 cnenncpHKH 3a,a;anH. 
Hn»ce 6y,nyT paccMOTpeHbi ,a;Ba (pnjibTpa: ,a;H(p(pepeHLi;Hpyioiri;HH (pnjibTp, npeflCTaBjifliomHH co6oii npoH3Be,iieHHe 
ik h n,a;eajibHoro (PHH, h ,n;H(p(pepeHLi;Hpyioiri;HH rayccoB (pnjibTp - npoH3Be,a;eHHe ik h rayccoBa (pnjibTpa. 

3.3 BeHBjieT-peryjiapH3au;Ha 

Ilpn ncnojib30BaHHH BefiBJieT-ajiropnTMa bmccto CBepTKH cnrHajia c #y6jieTOM BbinojiHaeTca aHajiH3 c Hcnojib30BaHneM 
BeiiBJieTa \ h nocjieflyronj,nn cnHTe3 c ncnojib30BaHneM BeiiBJieTa tp. 

HHTerpnpoBaHHe no a Ha STane CHHTe3a Ha npaKTHKe ocym,ecTBJiaeTCH b KOHe^Hbix npe^ejiax ot a m i n jip 
o-max- B cjiy^ae BbicoKO^acTOTHoro niyMa Bbi6op a m i n Heo6xo,a;HMO CBa3aTb c 0JKH,n;aeMbiM ypoBHeM niyMa. B 
npocTeiinieM cjiynae npe^ejibi HHTerpnpoBaHHH no a Bbi6npaiOTCfl Ha ocHOBaHHH HHTerpajibHbix KpHTepneB n 
He y^HTMBaiOT noBe^eHne (pyHKn,nn h oco6eHHOCTn niyMa b pa3JinnHbie mombhtm BpeMeHH. IlpeHMyni,ecTBO 
Bbi^iHCJieHHfl c noMom,bio BeiiBJieTOB coctoht b tom, hto jierKO peajiH30BaTb jiOKajibHyio peryjiflpn3an,Hio, xor^a 
npe^ejibi HHTerpHpoBaHHH a^anTHpyiOTCH no^ jiOKajibHbie CBoiicTBa BeiiBJieT-cneKTpa, T.e. a m i n 3aBHCHT ot x. 




(18) 
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b b 

Phc. 1: Mo,a;ejibHbie cnrHajibi c a^mHTHBHMM 6ejiMM inyMOM (eeepxy) h cooTBGTCTByiomHG BeiiBjieT-o6pa3bi 
(enu3y). 

4 IIpHMepbi 

Bbi6op onTHMajibHoro cnoco6a /nicpcpepeHinipoBaHHfl 3aBHCHT, 6e3ycjiOBHO, ot BH^a CHraajia h xapaKTepnernK 
inyMa. Mm orpaHHHHMca paccMOTpeHneM #Byx xapaKTepHbix npiiMepoB. nepBbiii npnMep npe^CTaBJiaeT ciirHaji, 
ocHOBHaa SHeprnfl KOToporo cocpe^OTOHeHa b BbicoKO^acTOTHoii Haern cneKTpa (nepno^bi xapaKTepHbix KOJie6aHHii 
cymecTBeHHO MeHbine fljiHHbi HHTepBajia, Ha kotopom 3a,n,aH cnrHaji). B stom cjiy^ae mojkho CHHTaTb, ito 
cnrHaji 3aflaH Ha Heorpami^eHHOM OTpe3Ke hjih flBjiaeTca nepHO/nraecKHM, ito no3BOJifleT H36e»caTb npo6jieM, 
CBA3aHHbix c rpaHHiiaMH o6jiacTH onpeflejieHHH. B Ka^ecTBe BToporo npHMep Bbi6paHa Kyco^HO-rjia^Kafl (pyHKinra. 

nepBbiii npHMep npe^CTaBjifleT co6oii 3aflaHHbiH Ha HHTepBajie ot flo 1 c niaroM 0.001 ocinijijinpyioinHH 
cnrHaji, MOflyjiHpoBaHHbiii no ^acTOTe h aMnjiHTy^e, ncKOMaa npon3BO,n,Hafl KOToporo onpe^ejifleTCfl no (popMyjie 

g(x) = sin(27ra;(10x + 10))(1 - 1/2 cos(6ttx)). (19) 

npoH3BO,ii,Hafl BToporo MO^ejibHoro cnrHajia onpe^ejifleTCfl Bbipa»ceHHeM 

*>={t';>v « 

BTopoii cnrHaji 6ojiee rjiaflKHii h He HMeeT BbicoKo^acTOTHoii cocTaBjiinoineii 3a ncKjuo^eHneM o6jiacTH 
pa3pbiBa npoH3BO,a;HOH. 9tot cnrHaji 3aflaH TOJibKO b HHTepBajie ot -1 ,u,o 1 h orpami^eHHOCTb o6jiacTH onpe,a;ejieHHfl 
OKa3biBaeT npaMoe BjniflHne Ha ^nicpcpepeHnnpoBaHHe. 

JIiir KajK^oro H3 MO^,ejibHbix CHmajiOB 6bijin ccpopMnpoBaHbi Ha6opbi TO^ex /„ no (popMyjie 

fn = I " g(x)dx + £(n), (21) 

J x a 
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Phc. 2: 3aBHCHMOCTb cpe^HeKBaflpaTHHHoii oihh6kh ^iKpcpepempipoBaHiifl (npiiMep 1 - raeBa, npiiMep 2 - 
cnpaBa) ot niHpHHbi OKHa b (pH3HnecKOM npocTpaHCTBe: npaMoyrojibHoe okho - jihhhh, rayccoBO okho - tohkh 
(eeepxy); b nacrarHOM npocTpaHCTBe: npflMoyranbHbra OHH - tohkh, BeHBjieT-flHCpcpepeHnnpoBaHHe - jihhhh 
(enu3y). 



r^e - 6ejibiii inyM c ypoBH6M fi * 100% ot cpe^Hero a6cojiK)THoro 3HaHemia (pyHKHira. 

IlojiyHeHHbie pacnpe,n,ejieHH5i npe^CTaBJieHbi Ha Phc.^ YpoBeHb inyMa cocTaBJinji 30% ^jia nepBoro cnrHajia 
(Pnc.^ cjieBa) h 10% rjih KycoHHO-rjia^Koro npHMepa (Pnc.^ cnpaBa). B BbicoKonacTOTHoii nacTH cooTBeTCTByromiix 
BenBjieT-o6pa30B (Phc. BHH3y) Ha6jiio,z];aiOTCH HeperyjiapHbie erpyKTypbi, Bbi3BaHHbie ,n;o6aBjieHHeM niyMa. 

MaccHBbi 3HaneHHH /„ Hcnojib30BajiHCb ^jih nncjieHHoro BbinncneHHii npoH3BO,iiHOH g n pa3JiHHHbiMH ajiropHTMaMH 
h cpaBHGHHH c aHajiHTHHGCKHMH shotghhjimh npoH3BO,n;HOH g(x n ). Cpe^HeKBaflpaTHHHafl oniH6Ka (CKO) ,a;H(p(pepeHi];HpoBaHHfl 
onpe^ejifljiacb no cpopMyjie j2] 

rpp g(x n ) - 3HaneHHH npoH3BO,n,HOH MO^ejibHoro cnrHajia b TOHKax x n , g n - pe3yjibTaT nncneHHoro ^nicpcpepeHHiipoBaHHa. 
B ^aHHoii pa6oTe cpaBHHBajincb cjie,n,yioinHe ajiropHTMbi: 

IJpMMoyeoAbHoe okho e 4>u3unecK0M npocmpancmee + Koneuuasi pa3Hocmb. CnrHaji ycpe^HfljiCH no coce^iniM 
TOHKaM h 3aTeM npnMeHfljicfl mcto/i kohchhoh pa3HOCTH rtlk on,eHKH npoH3BO,iiHOH. OnTHMajibHoe 3HaneHHe 
ninpHHbi OKHa, MHHHMH3Hpyiomee o~, onpe^ejiajiocb nyTeM BapbnpoBaHHfl KOJinnecTBa Tonex, no kotopmm 
npoBO^HTCH ycpe,n,HeHHe, h nocne^yioinHM cpaBHeHHeM c aHajiHTHHecKHM penieHHeM. OnTHMajibHoe 3HaneHHe 
ninpHHbi OKHa hm66t 3HaHeHne 0.018 fljiR nepBoro cnrHajia h 0.14 - rjisi BToporo cnrHajia. MnHHMajibHbie 
3HaHeHHa a npHBe^eHbi b Ta6jiHn;en rpa(pHnecKH 3aBHCHMOCTb a ot ninpHHbi OKHa noxasaHa Ha Phc. [2 

Fayccoeo okho e (fiu3UHecK0M npocmpaHcmee + KOHenuan pa,3Hocmb. AHajiornHHbiM o6pa30M onpe,a;ejiocb 
OnTHMajibHoe 3HaHeHne ninpHHbi rayccoBa OKHa (Ha ypoBHe nojiOBHHM ot MaKCHMajibHoro 3HaHeHna) . OnTHMajibHoe 
3HaHeHne ninpHHbi OKHa paBHO 0.011 pjir nepBoro cnrHajia h 0.31 - ^jih BToporo cnrHajia. MnHHMajibHbie 
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MeTOfl 


MioniMajibHoe 3HaneHHe a 




IlpHMep 1 


IlpHMep 2 


IIpflMoyrojibHoe okho 


0.42 


0.31 


TayccoBO okho 


0.31 


0.25 


<J>ypbe (<!>HH)+KOH.pa3H. 


0.16 


0.8 


<3>ypbe raycc + KOH.pa3H. 


0.16 


0.7 


^HCptpepeHiiHpyromHH (pnjibTp 


0.18 


0.27 


^H(p. raycc (pnjibTp 


0.3 


0.32 


BeHBJieT-peryjiapH3ari,Hfl (Mopjie) 
BetojieT a m i n — (20 * x + c) _1 


0.15 


0.2 


0.12 





Ta6jnina 1: CpaBHemie scpcpeKTHBHOCTii cpHJibTpaunn inyMa npn BbinncneHnn npoii3BO,n,HOH. 

3HaHeHHa a - b Ta6jinn,en CpaBHHBas rpacpHKH 3aBHCHMOCTH a ot niHpHHbi OKHa (Pnc. |2j, mojkho Bime-Tb, 
hto rayccoBO okho flaeT 6ojiee tohhog BOCCTaHOBjieHne npoH3BO,i];HOH, neM npaMoyrojibHoe. 

<S>HH e nacmomHOM npocmpancmee + KonennaM pa3Hocmb. OnTHMajibHoe 3HaneHHe nacTOTbi otcchkh 
fco, MHHHMH3Hpyiomee a, onpe^ejiajiocb cne^yronrnM o6pa30M: Bbinncnfljiocb FFT cnrHajia, OT6pacbiajincb 
K03(p(pHii;HeHTbi pa^a <I>ypbe, cooTBeTCTByroiinie nacTOTaM k > ko, a 3aTeM BbinojiHHJiocb o6paTHoe FFT h 
npHMeHHjicfl MeTO,n; KOHenHon pa3HOCTH. 3aBHCHMOCTb a ot ko npeflCTaBjieHa Ha Pnc|2l rpacpnnecKn 3aBHCHMOCTb 
a ot fco noKa3aHa Ha Phc.[2| MnHHMajibHoe 3HaneHHe a, floCTnraeMoe npn Hcnojib30BaHHH H^eajibHoro (pnjibTpa 
hh3khx nacTOT, - b Ta6jinn,e Q 

rayccoe fiujibmp e HacmortmoM npocmpancmee + Konennasi pa3nocmt>. CDnjibTp nojiynaeTca 3aMeHoii npaMoyraiibHoro 
<1>HH Ha rayccoB. 3aBHCHMOCTb a ot niHpHHbi (pnjibTpa b nacTOTHOM npocTpaHCTBe Haxo^HJiacb cjie^yiomHM 
o6pa30M: Bbinncnocb FFT cnrHajia, yMHOJKajincb K09(p(pnn,neHTbi pima Oypbe Ha rayccoB cpnjibTp, a 3aTeM 
BbinojiHHJiocb o6paTHoe FFT h npHMeHfljica MeTO,a; kohchhoh pa3HOCTH. OnTHMajibHoe 3HaHeHne niHpHHbi 
(pnjibTpa paBHO 32 nepBoro npHMepa h 1 - /tjih BToporo npnMepa. MnHHMajibHbie 3HaneHHe a - b Ta6jinneQ 

^uq^q^epenu^upymu^uu $ujibmp e nacmomHOM npocmpancmee. yMHoaceHne H^eajibHoro CPHH Ha ik ,a;aeT 

(pHJibTp CneH,HajIbHOH (pOpMbl, OCyin,eCTBJIflIOII],HH B HaCTOTHOH o6jiaCTH BblHHCJieHHe npOH3BO#HOH OflHOBpeMeHHO 

co craajKHBaHHeM. TaKofi (pnjibTp, a TaKsce ero 6jiH»caHHiHe po^ctbghhhkh , ncnojib3yiOTCfl b TOMorpacpHH pjisi 
BbnncjieHHfl o6paTHoro npeo6pa30BaHHH Pa,a;oHa [2l I12j . OnTHMajibHoe 3HaneHHe nacTOTbi otcchkh fco paBHO 
32 ,n;jifl nepBoro npnMepa h 8 - rjik BToporo npHMepa. MnHHMajibHbie 3HaneHHe a - b Ta6jiHneH 

fl^u$$epen%upywui i uu sayccoe (fiuAbmp e nacmomHOM npocmpancmee. Mo^HCpnunpyeM npe^bi^ynrnn cpnjibTp, 
3aMeHHB H^eajrbHbrii <1>HH Ha rayccoB cpnjibTp. Ymhojkhb b nacTOTHOM npocTpaHCTBe rayccoB cpnjibTp Ha ik, 
nojiy^HM (pHJibTp ifcexp(— fc 2 ), HMnyjibCHaa xapaKTepncTHKa KOToporo paBHa nepBoii npon3BO^,Hoii ot rayccoBa 
OKHa. Bapbnpya innpnHy (pnjibTpa b nacTOTHoii o6jiacTH, HaiifleM 3HaneHHe napaMeTpa MacniTa6a, MHHHMH3Hpyiomee 
cr. OnTHMajibHoe 3HaneHHe niHpHHbi (pnjibTpa paBHO 37 pjisi nepBoro npHMepa n 10 - pjisi BToporo npHMepa. 
MnHHMajibHbie 3HaHeHHH a npeflCTaBjieHM b Ta6jinn,en 

Beiiejiem Mopjie e 4>u3unecKOM npocmpancmee. Pa3Jio»cHM cnrHaji no MacniTa6aM, ncnojib3ya npon3BO^,HyK) 
ot BeiiBJieTa Mopjie b Ka^ecTBe aHajin3npyiom,ero BeiiBJieTa. ^nanasoH MacniTa6oB 3a^,a^,HM ot 0.1 fl,o 0.006, 
3a npe^ejiaMH KOToporo cnrHaji npaKTn^ecKn OTcyTCTByeT. 3aTeM ^jia KajK^oro MacniTa6a Bbi^ncjinM CBepTKy 
nojiy^eHHbix BenBjieT-K03(p(pHLtHeHTOB c BenBjieTOM Mopjie n nponHTerpnpyeM no MacniTa6aM ot a rnax =0.1 
flo a m i n . Bapbnpya a m i n , HaiifleM cooTBeTCTByiomne 3HaHeHHH a. 3aBncnMOCTb a ot a m i n (nepeBefleHHoro b 
^acTOTHbin aHajior no (popMyjie v — l/(2a m i„)) npe^CTaBJieHa Ha Pnc.|21 OnTHMajibHoe 3HaHeHne v = 35 ^.jia 
nepBoro npnMepa n 7 - fljifl BToporo npnMepa. MnHHMajibHoe 3HaHeHne a - b Ta6jiHH,e ^ AHajin3 BeiiBJieT- 
o6pa3a KBasnrapMOHH^ecKoro cnrHajia (Pnc^ cueBa) noKa3MBaeT, ^to cym,ecTBeHHafl HacTb HH(popMan,nn 
cocpeflOTO^eHa b Tpex KOMnaKTHbix o6jiacTax, pacnojio>KeHHbix B,a;ojib HaKjiOHHon npaMoii. 3to ,i;aeT B03MOJKHOCTb 
3a,a;aTb MHHHMajibHbiii MacniTa6 b BH,a;e (pyHKijHH a m i n — (lO^x+c)" 1 . Tor,i;a nepe6op 3HaHeHnii c flonojiHHTejibHO 
MHHHMH3npyeT cr. B 9TOM cjiy^ae fljia 3HaHeHHH c = 42 nojiyHaeTCH pe3yjibTaT a = 0.12, hto 3aMeTHO Jiynnie, 
neM pe3yjibTaT, nojiyHeHHbiii c ncnojib30BaHneM npeo6pa30BaHHH <l>ypbe. J^jih KycoHHO-rjia^Koro cnrHajia (IlpHMep 2) 
flonojiHHTejibHaa onTHMH3an,na He npoBO^,HJiacb, TaK KaK ero BeiiBJieT-o6pa3 (Phc^ cnpaBa) cym,ecTBeHHO 
HCKajKeH BjiHAHneM niyMa. 
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Ha Pnc|21npeflCTaBJieHbi rpacpHKH aHajiHTHHecKHx npoH3BO^Hbix McmejibHbix cnrHajiOB h pe3yjibTaTM HHcneHHoro 
AHCpcpepempipoBaHiifl MeTO,n,OM Ha ocHOBe BeHBJieTa Mopjie npn onTHMajibHOM 3HaHeHHH a m i n (6e3 Hcnojib30BaHHfl 
flonojiHHTejibHoii onTHMH3an,HH) . BefiBjieT-o6pa3bi npoiraBO^Hbix cnrHajiOB, npHBe,a;eHHbie Ha Pnc.|2lBHH3y, noKa3biBaiOT 
pacnpeflejieHHH cneKTpajibHbix cbohctb b 3a,iiaHHbix HHTepBajiax. 



5 06cy^cfleHne 

AjiropnTM c Hcnojib30BaHHeM BeiiBJieT-npeo6pa30BaHHfl no3BOJifleT npcmcyniTb yeroHHHBoe ,n,H(p(pepeHHHpoBaHHe 
b ycjiOBHHx niyMa. JIoKajibHOCTb 6a3HCHbix (pyHKH,HH no3BOJifleT 6ojiee tohho yHHTMBaTb CBoiicTBa cnrHajia no 
cpaBHemno c MeTO^aMi (pHJibTpaunn b HaeroTHOM npocTpaHCTBe. 

Oco6biii HHTepec npefljioJKeHHbie MeTO^bi MoryT npeflCTaBjiflTb npn penieHHH o6paTHbix sa^aH (b mg^hhhhg, 
acTpoHOMHH, rH,a;po,i];HHaMHKe h t.,i;.). HanpHMep, HHTerpajibHoe ypaBHeHne A6ejia, k KOTopoMy cbo^htch sa^a^a 

OCGCHMMGTpHHHOH TOMOrpa(pHH, HMGGT pGHIGHHG |12j 

77 Jr \Jv - r 2 op 

r # e f(p) - H3MepeHHbie c HeKOTopoii norpeniHOCTbio npoeKHHOHHbie ^aHHbie. 

B o6in;6M cjiynae penieHne flByMepHoii 3aflaHH TOMorpacpHH cbo^htch k o6paTHOMy npeo6pa30BaHHK> Pa,a;oHa, 
KOTopoe TaK»ce mcokbt 6biTb BbipajKeHO nepe3 nepByio npoH3BO,iiHyio H3MepeHHoro cnrHajia j2] 

g(x y) = -— f dcf> r dp df{pA) (24) 
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r,a;e f(p,<t>) - H3MepeHHt>ie c HeKOTopoii norpeniHOCTbio npoeKnnoHHbie ,a;aHHbie. 

B pa6oTe |14j npHBe,a;eH psiji npHMepoB, noKa3biBaiomHx, hto MeTOfl no3BOJifleT scpcbeKTHBHO no,n;aBHTb 
inyMbi, B03HHKaioiri,He b cneKTpe H3-3a npo6ejiOB, h noBMCHTb tothoctb BOCCTaHOBJieHHa cneKTpa hcxo^hoto 
cnrHajia. 9tot ajiropnTM jierxo nepeHOCHTca h Ha paccMapnBaeMyio sa^a^y o BbiHHCJieHHH npoH3BO,n,HOH h 
coctoht b 3tom cnyrae b cjie^yiomeM. Ha nepBOM inare c noMombio MeTO^a '' r zrr>rpsBbix M BeHB.neTOB Bbi^ncjiaeTca 
BeiiB,neT-o6pa3 W a .b hcxo^hoh (pyHKinin f(x), a Ha btopom inare - no (popMyjie l|14|) BOCCTaHaBjiHBaeTca HCKOMaa 
npoH3BO,a;Hafl g{x) — f'(x). IlpH 3tom Ha btopom inare ncnojib3yiOTCfl ncuinue BeiiBjieT-cpyHKiniH x( x )- 

Bjiaro^apHocTH. Pa6oTa BbinojiHeHa npn cpHHaHCOBoii no/mepjKKe rpama P<3><3>H-HHHO N 2 03-02-04031, 
PcJxJH JV 2 03-02-16384 h HayHHO-o6pa30BaTejibHorou,eHTpa (rpaHT PE-009-0). PC Taxace 6jiaro,n,apeH YpajibCKOMy 
OT^,ejieHHK3 PAH (rpaHT mojio^mm y^eHbiM). 
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